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1. IIGRODUCTIO:~. 

The increasing use of isocy~~tes has ?~ompted ~ny quest1ons 
::-egarding the ~afety of th~se mate::-ia.l.s C:u::-ing tra~S?Ort. Cbse::-vatior.s r::ade 
follo\dng an acci..:.ent t o a rai~ tanker, during w~i:=h a consic!er-:::1 ble ar.1oun~ a:· 
TDI was spilt onto a marshy woodland terrain, led to a Iesearc: t prog!'a!::r.:e to 
examine possible procedures and ~ractical cc~teroeasures in such ~ ; :~atio~s. 

Hodel experiments were set up, in order to investigate the be!"laviour 
of TDI after soaking i:tto the eart :: or escapi1:g i;1to water. Ic. 7.:-.esa, ~DI 
was oaintai.:ted in contact with both staV'lant and running '.vater a~d .... ith ·.vet 
sand.. 

The answers to three oain questio~.s were sought:-

1. How long does it ta!~e for TDI to 'oe decocposed into polyureas 
bj· water? 

2. In the ab~ve reaction are appreciable quantities o: toluylene 
~iamine tTLA) formed? 

3. After how long can a conta~inated area be declared sa:e? 

The inforoation contained in this report is availa '::Jle for use during any 
discussions with authorities concerned with accidents involvin~ spil l age of 
TDI. 

2. EXPSRH~SN':'r\L. 

All experiments were carried out ~t rocm temper~ture, i.e. th~ T~! 
was ~lways present in li~id form. 

2.1 Sta~ant water. 

In this expe::-iment, the behav iou:- of TDI in stagnant w·ate:- was 
simulated by placing 20 litre~ of water in a glass con~ainer 20 x 40 x 30 c~ 
(i~e. 24 litres full capacity) and add i ng 0.5 litres of ~DI (80/20) to it. 
On account of its greater specific gravity, the ~DI settl~d in a layer o~ the 
bottom of the container. 

Tests we:-e carried out at f.:l v~lues of 5, 7 a.pd 9 (Zxpts. C, D: ~1d. 
E respectively) and also, out of scientific curiosity, at p!-i 1 ',E:cp:.B) . 
The pH v·alues were adjusted by means of HCl or Ne.OH and checked .,.·it: a class 
electrode. 

2.2 Running water (Exut.A). 

20 litres of water ~e~e placed in a rlass vessel as above anc 0.5 
li tres TDI added thereto. A systeo of tubes .,.,, 1s arranged so th~t a continuous 
flow of water occurred (2000 litre-.. per day, i.e. 100 chanc;es daily). Strea~line 
flow was mai ntained, so thnt no ~DI or poly~ea was removed ~echanicall y. 
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2.3 1../et ~and. 

These experiments simulated the cove::-ing of a spillar;t~ of O I ~~i ~ 

wet sand. 

5 kg of TDI we~e pl~ced in a cont~ine~ of 30 litrcs ar.d covc~ed 
with 55 kg of wE;;t sru1d (50 kg sa:td anci 5 Y- 0 ''ater). '!:'be :oto.l cepth of 
the ~ixture was a~out 38 co, 10 c~ o~ which rcp~es~nted the ce_ tho~ :J: 
originally added. '!:'hP. sand used w;;~s o:~ a : :.t ?e ~n ~ ~:1e ::-a.l ~se :or a.bso::-:::::.:1r; 
or cov~ring spilt liquids, oil, etc. ~~e contai:1cr was lei: ur.covcrec! at 
room tempe rature. At weekly (later, rr.ont!"tly) intervals, sa!':lplcs we~e ::ake 
from half-way down the mixture, and a~~lysed for~~! and ~~A. 

This experiment (.Expt.:) showed that, 'oy the tiz:le the first sa~p-e 
had been taken (after 1 week), al1:1ost t:-:e w':1.cle · o: the -r:n had bee:l .?.1.:-:~cy 
converted t~ polyurea. A furth~r expcri=c!'lt (~rt . G) was, :her~:o::-e, se: 
up in which samples were taken daily. A. coa:se-t;:-!lined sa::d '"as ·se-i ·
this test and two s~ple!3 were taker. for analysis each tlce, f~o~ :he ~n~er 
and lower regions of the mixture. 

3. AN ~,L YTICA.l.. - ··-
3.1 Determination of TDA. 

At intervals of a few days, 50 ~ sa~ples of the aqueous pt~se 
:-ere taken from Experiments A-~, adjusted to pi-1 2 with HCl a.r.d ex:rac:e-=. 
\·lith 2 X 50 ml ether i'n a. separati:-:.1; fun::cl. '!:'his cxt:-oction servc:i ~0 
remove neutral material whi=h can inter:cre with the subsecuent cete::-~~::~:ion 
of a:::ines by thin layer chrcr..ato r.:-ophy ( .:'LC). ~he aqu,'!ous .phnse 1•as t.~e:1 
adjusted to pH 11 with UaO!i solu:io:1 and a~:Pin extrn.cted with 2 x 50 r.:2. 
ether. These coobined ext:-:lcts, n.fter =cncent~~tins to 5 ~~ ( :or a liw~t 
of de tection of 0.1 ppo) or 0.5 c:U (0.01 ppe1 l~r:l.it), we!"~ tte:1 subjected 
to analysis by TLC in compad.son with known star..d~rd sulut Lons. 

The experioents ~ith wet sand ~ere subjected to a si~ila:- p!"oce:iure. 

The results a f th ese nr:alyses a!"e given i:1 Tabl(l 1. 

3.2 Deter~ination of TDI. 

3.2. i By TLC (Sxnts.A-E). 

A hard, cor.rpc:~.ct crysta.l.li:1c crust was first !o::-:-:te:i at t!:e inte:-fn.ce 
bet•..,reen the TDI and the su~ernD.ta:l':. wa~e:-. After a few days the crystal 
formatio. continued do•..,.nwarcis, A.nd afte!" :l'oout 30 d.J.ys the lic.uid ?L;I ha.d 
prBctically disappenred. T~e crystalline r:1nss nt t~e bottor:1 cf t':1.c con:niner 
was removed :lfter 35 days, d.icd over c:ll~i~~ chlor~de in a desiccator a:1c 
thoroug:Uy mixed in a !!:Ortar. In order to deter::~i-r.e tte amour.t of "i'DI 
remaining, a saople was im::~ediatcly tak~n, treated witn nitro-rea5er:c (Keller, 
Dunlop & Sandridge, Ana.l.Che~ist~y 46,(12),18~5, Oct.1974), a.nd s~b5e~ue:1':.ly 
subjected to TLC in co::~parison with stand~rd solutions. ihe results are 
given in Table 2. 
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3.2.2 . Bv ' o~ori~~t rv (~x~~s .. ~G). ---
After 1-2 day,, t~e 9and 1~ ~~pts.? and G had Rs~umed a ~ ~ite 

app~ar~nce, indicating t~c co~~encc~cr.~ o~ p ~y~~~~ :or~3tlon. -~c ~eact ion 
continued witho~t any no~ iccab_e ~xt e~~q: sir.n~. exce? t :or ~ slow an= s ·c~dy 
evolution of c~rbon dioxide. 1\.:"ter 5 ~cnths, Sxpt.F wa~ disc o ntin~C'd; ::x?: . G 
was tc . i~ted after 8 day~. :a apprec~a~ l e solidi:ic~tion J. ~~e ~ss 
haci occurred in ei ther case. 

At various intervals sa~~lcs were taken fro~ the reaction ~~~~ur • 
Any TDI still unreacted was hydrol ys~d ':::> aoinc (':!:lA) ·"Jy means of a ::ixture 
of .s;lacial acetic and :;ulphuric a::1ds. ':':-te 2: 4- <1r.d 2:6-+:oluyle::a a:.a::ir..es 
were coupled with p-toluyldiazoniu~ c~loride ~q give col~~rs ~hie ~ were 
measured in a ohotometer at 470 no (:iellser, ~eusc !1e, '.-lrabetz. & ?auss, 
z.nnalyt.Chem.-257 , (2),119 (1971) ). :~e results are s how n · n Table 3. 

5· DISCUSSIO~l . 

5.1 TDA. 

I• 

Tests for TDA ill the expe:-ir.:en::s wit~'running water ( :::x?+:.A ) ar.d r.i1:.."1. 
we+, sand ( ":'xpts.F & G) sho•v ba.!'ely detec"::a'::lle (<C,Oi pp:-1 ) a..: cw:-:s p:-ese::t. !:r.. t::e 
case of the stagnant water tas+:s ~ .::x?::::; .C, ::J anc =:), a:-. ;~xa::inncion o: che 
mean v.'1lues shows a~ incre11sinG con::~ncr:ttion of ':'CA as the p ii is also 
increased, e.g. at pH 5, ~JA = ca. 0.6 pp~. 

pH. 7, TDA = ca. 0.7 ppc. 
pll 9, TDA = ca. 1 .0 ppm. 

'.lhe concentr!ltion of TDA L\oocurs to be irtdepende nt of the 
dur~tion of the experi~ent. Experim~~~ a (at pH 1, included for coc~ari~on 
only) gav~, as expected, ~ rel -.';;ivcly hi£~ :'DA conce~.tro.ti.::ln ( mean =· 19 ppo ). 

Not too muc~ ioport~nc& shouli be attached tc the ri3e in ~DA 
concentration w~th rising ?~ v01lue, although this cannot be e~lair.cd 
coClplet:~ly. I' he me:J.n value of ~11 the :::e:\sure~ents !!!~de ~'; pii 5, 7 and 9 
r~~ul in a concen~ration of only 0.77 ppo. If one ioagin~::; a 10 to~~e 

lPaka~e o ! !DI ·.oh.icr. is substantially covered ~ith water :hen, a:ter a 
suffici .nt tine, only ca. 8 ~ o f :DA will be :o~~cd, a quar.tity w~ich. in 
this context may be regarded as ncgligi~le froo a toxicolo~ical pair: of 
view. 

5.2 TDI. 

In the case of Bxperim~nts A,C,D & E (stagnant and runni~g water) 
the TDI had reacted with the .,...ater al::ost co::1pletely aftar 1 rr.onth. :-:,is can 
be expected in pr::~.ctice, prC' .fided t!1a.t the ':'DI rc .. a i ns in the liquid scn.ce. 
The rea.ction will doubtless be slowed do...,n i!' the ternuerature of the TDI 
falls bel~w its solidification point (1~.5-13.5°C,). · 

of:-
Covering spilt TDI with wet· sa.b:! appears t ') be a very good met hod 

a) minioising the direct consequences of a sienif~cant ~! 
leakae;e, and 

b) achieving a r~latively rapid conversion to polyurea. 

' i j 

-
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Althou~ he experillen with '"'et sand. has shown t!'lat a s .~l 
pcrc~nt~ge o! l~reacted -D~ is s:i rctai~ec, i: ~s notcwort. y ~ow 
quir:k y ':'DI t<ea.cts with '"'a::.er i.:l the ?resence o: sand ( aoout '•leak } . 

·There is, as yet, no indicati ~ r. ~hat ~o~yureas :o~ed ~y 7C_ 
ca:. be attacked by :nicro-orb-l.,i.:J:n.s in t~c soil. A coocl z i ve ans·,n~:- to 
this quc::otion is h .:· ·e_y to ':11:. .:>btn:i..,c in t hP. nea r !"uture as a result of 
the work being carried out by ?ro : .:::o~sch. at 3raun:>chweig. r: .:.: is 
indeed sho,·m t at the reaction p~=u:::ts of :"CI a!'ld .,.atcr a:-c ine:-t, it 
~y be renso~ab y clai~ed hat the tr~at~cnt of la:-g! -e~a&es of 7DI 
.,.ith water and s.:~.nd is a suf .:icient tre~~rr.c:1: '"'h~re, ':Jecu. .se of the ext nt 
of the le~age or for other reasons, trea~r::ent ·.~i.~h the nor::~al decon:a:Jir..ant 
is nee feasible. Also, the rc::~ovu._ o: th~ ::ontaoinated s11nd or e.,:-th :,, 
a spccia..J. place of disposal would ap;:ca!'" unr.ecessary under such circ ·..:.:::s::.::~.r..ces. 



TABLE "! • FO!'H!ATION OF ~DA. 
. . 

a) 1:n starm;:\nt (=:x'::lt!J . 3-::: ) or r'.lnr.inl~ Hat~r (=:xot .A). 

f.";le aken TDA (nnr:l w/w) 
!:.>:~ t: ,\ 8 . c D E er X days --·-4. pH 1 pH 5 pH 7 p;;: 9 

~o- (0.4)• 3 1 (0.01)• 0.3 

2 ~ 0.01 7 0.8 0.4 0. 5 

5 < 0.01 33 0.3 0.8 0.3 

7 .<. 0.01 12 0.3 0.9 C.5 
9 ..:::. 0.01 15 0.3 0.8 1 

12 ....::: 0.01 25 o. L;. · 0.8 2 , . 
•) 

14 < 0.01 20 0.3 0.7 1. 5 
·)6 "' 0.01 25 0.5 0.7 "2 

19 <. 0.01 25 0.8 0.8 1.5 
21 < 0.01 16 0.7 0.8 1 

23 ~ 0.01 18 0.9 0.8 :J.7 
25 < 0.0·1 2.2 0.7 0.7 0.7 
27 <. 0.01 15 0.6 0.6 0.7 
32 ..:::.. 0.01 25 0.4 0.4 0.8 I 34 <: 0.01 22 o .. 5 0.5 0.4 , ___ 

• These results not included in calculating oean values. 
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